Simple, cost-effective and compact solutions for simultaneous all-optical regeneration and wavelength conversion of phase-modulated data is of great importance for enhanced lightwave path assignment flexibility and robustness in next generation wavelength-routed optical networks [I] .
[n this sense, several works investigated regenerative wavelength conversion for differential phase shift keying (OPSK) modulation format. Some authors proposed DPSK-to-OOK conversion followed by a reshaping nonlinear interferometer stage where signal regeneration and back-encoding to DPSK format at a new wavelength takes place [2] . Simultaneous wavelength conversion and regeneration of RZ-DPSK signals has been also realized exploiting four-wave-mixing (FWM) in fibers [3] and semiconductor optical amplifiers (SOAs) [4] , thanks to the amplitude limiting properties of FWM characteristic. Recently, it was shown that phase-preserving amplitude regeneration of DPSK signals by means of FWM in an SOA offers remarkably improved features in presence of NRZ modulation format [5] and its broad-band regenerative capability was proven [6] . However, the technique suffers from the FWM dependence upon signals polarization state, thus practically limiting its exploitation in current optical networks systems. To overcome the strong FWM polarization dependency, a dual co-polarized pumps architecture [7] [8] [9] can be conveniently adopted. II.
PRINCIPLE AND EXPERIMENTS
The experimental set-up is illustrated in Fig. I ; the operating principle is also schematically shown in the insets.
Here, the pumps, PI and P2 are two linearly co-polarized continuous waves (CWs) with wavelength Apb and An, respectively, while the OPSK data signal has a generic state of polarization (represented, for simplicity, to be linear with an angle e with respect to the pumps). The signal at ADATA, while propagating in the SOA, experiences gain and index modulation at the pumps beating frequency, and two new side bands at AFWM± = [I1ADATA ± (I1Apz -I/Apl)r 1 are generated.
The FWM terms are replicas of the OPSK input data and their power depends on the pumps detuning LlAp = An -Apb but it is insensitive to input signal polarization and wavelength. [t can be approximated by [10] :
where PDATA is the input signal power, PP1 and PP2 the pumps power, G the saturated SOA gain, and R(Ap)± the so called relative conversion efficiency (as a function of the pumps detuning). The equation is valid as long as the SOA polarization dependent gain (PDG) is negligible and the beating due to the two pumps is stronger than the beatings due to signal and pumps (preventing undesired cross-talk between the involved signals). Since the lower-wavelength FWM term exhibits the highest conversion efficiency, it will be considered in the following. [n presence of degraded input data, with a proper choice of input power levels, FWM signal at SOA output can feature a higher quality with respect to input signal thanks to the strong amplitude-limiting process that occurs in the saturated SOA and to the very small amplitude-to-phase noise transfer occurring in the amplifier [6] .
As shown in the experimental setup of Fig. 1, a 10 Gb/s DPSK data stream at ADATA is produced by modulating the When the input signal is co polarized to the pumps, the FWM at AFWM-is minimized (TE polarization) due to pumps-signal nonlinear interaction; on the other hand, when the input signal polarization is orthogonal to the pumps, the FWM signal is maximized (TM polarization).
Variable attenuators, are also used for independently adjusting the power levels at SOA input. In the experiments, the total input power was typically around 12 dBm.
The regenerative capability of the wavelength converter under different conditions of input signal polarization states has been first evaluated for a fixed detuning LlAp=2nm between the pumps, and for two different values of input Q-factor of QIN=7
and QTN =5.6, respectively. As shown by the eye diagrams in Fig. 2 , the output Q-factor for both TE and TM input polarizations is improved with respect to input Q-factor. By acting on PCs (Fig. 1) , we observed output Q-factors values for any state of input polarization between those of the TE and TM states. The regenerated DPSK signal Q-factor is nearly doubled with respect to the input Q-factor (QFWM/QTN > l.8).
Then, we performed a characterization of the DPSK polarization-independent regenerator by varying the pumps detuning and keeping the input Q-factor fixed at QIN=7.
Typical sample spectra at SOA output for different values of
LlAp and ADATA are shown in Fig. 3 . Here, ADATA is 1540, 1545 and 1550 run for LlAp equals to 2, 4 and 6 run, respectively, pointing out the spectra robustness against the input wavelength (as long as data-pumps detuning is higher than pumps detuning). Finally, eye diagrams ( Fig. 5) and BER vs. voltage threshold at the receiver (Fig. 6) were measured to evaluate the performance of the system in terms of noise compression on both signal logical levels corresponding to a conversion span from 2 to 6 nm. The improvement in terms of noise compression at the receiver is noticeable for both TE-and TM polarized input signals with a Q-factor of 7. All the FWM output signals BER curves show the regenerative capabilities of the scheme, presenting a threshold margin improvement with respect the inputs curves; furthermore their overlapping confirms the independency of the results from the input polarization state. These results point out the robustness of the system to pumps detuning ranging from 2 to 6 nm.
III.

CONCLUSIONS
We proposed and experimentally characterized polarization independent all-optical phase-preserving amplitude regeneration of DPSK signals exploiting FWM effect in a single SOA. A dual co-polarized pump architecture allows FWM independence from input signal polarization. The system operates at moderate input powers levels and it is suitable for photonic integration. Investigation of the system regeneration capability upon wavelength conversion span is performed.
Remarkable Q-factor and threshold margin improvement regardless of input signal polarization state over a conversion range up to 6 nm have been measured. The technique has potentials for DQPSK signal regeneration as well, according to the recent results obtained in [11] and higher speed operation is also possible [12] . 
